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(54) Rubber composition containing silica or silicate and salt of an amine 

(57) A rubber composition which comprises (A) at least one rubber component selected from the group consisting 
of natural rubber and diene synthetic rubbers, (B) an inorganic filler comprising at least one filler selected from silica 
and silicates as the main component and (C) an addition salt of an amine represented by general formula (I): 



R x -N - R 4 C00H 

I. 

R* ... (i) 

wherein R 1 represents a C 8 to C 24 alkyl group, an aryl group or an aralkyl group, R 2 and R 3i 5g$tfisent a hydrogen 
atom, a C 1 to C 12 alkyl group, an aryl group, an aralkyl group or a hydroxyalkyl group and R 4 represents a C 6 to C 24 
alkyl or alkenyl group, an aryl group or an aralkyl group; and a pneumatic tire produced by using the rubber composition. 

Fuel consumption of a pneumatic tire is decreased and workability and productivity in vulcanization in the production 
of a pneumatic tire are improved by using the rubber composition. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a rubber composition and a pneumatic tire produced by using the rubber 
composition and, more particularly, to a rubber composition which comprises, as a reinforcing filler, an inorganic filler 
comprising silica and/or silicate as the main component and exhibits improved fuel consumption, workability and pro- 
10 ductivity in vulcanization, and a pneumatic tire produced by using the rubber composition. 

2. Description of the Related Arts 

[0002] Heretofore, carbon black has been generally used as a reinforcing filler for rubber composition because carbon 
15 black can provide higher reinforcement and more excellent abrasion resistance than other fillers. 

[0003] In recent years, energy consumption of automobiles must be decreased to achieve energy saving as the 
social requirement. To decrease heat buildup. of a rubber composition for tires for this purpose, carbon black may be 
used in a smaller amount, or carbon black having a greater particle diameter may be used. It is known, however that 
the reinforcing property, abrasion resistance and wet skid resistance inevitably deteriorate when any of the above 
20 methods is used. 

[0004] As a filler which can achieve both of a smaller heat buildup and an improved wet skid resistance, hydrous 
silica (precipitated silica) has been known. The use of precipitated silica is described in many patent applications such 
as Japanese Patent Applications Laid-Open Nos. Heisei 3(1 991) -252431, Heisei 6(1994)-248116 : Heisei 7(1995)- 
70369, Heisei 7(1 995)-1 88466, Heisei 7(1 995)-1 96850, Heisei 8(1 996)-225684, Heisei 8(1 996)-245838 and Heisei 8 
2S (1996)-33687. 

[0005] Particles of silica, however, tend to aggregate together through hydrogen bonding of a silanol group which is 
a functional group present on the surface of a silica particle and this phenomenon causes drawbacks. For example, it 
is necessary that the time for mixing be increased to improve dispersion of silica into rubber, Mooney viscosity of a 
rubber composition containing silica increases due to insufficient dispersion of silica into rubber, and workability in 

30 processing such as extrusion becomes poor 

[0006] Moreover, since the surface of a silica particle is acidic, basic substance used as a vulcanization accelerator 
is adsorbed on its surface. This causes an insufficient vulcanization which leads to an undesirably low modulus value. 
[0007] To overcome the above problems, a silane coupling agent has been developed. Dispersion of silica into rubber 
still, however, remains insufficient and, in particular, it is difficult to achieve an industrially excellent dispersion of silica. 

35 [0008] Under the above circumstances, the present inventors proposed a rubber composition comprising a specific 
tertiary amine in combination with silica (international Patent Publication No. 97-35461). In this rubber composition, 
dispersion of silica is improved, viscosity of unvulcanized rubber is low, heat buildup decreases and abrasion resistance 
is improved. The rubber composition is, however, not sufficiently satisfactory with respect to the scorching property 
and the vulcanization time. 

40 [0009] It is known that retardation in vulcanization can be prevented by adding an activator such as polyethylene 
glycol, diethylene glycol, triethanolamine and a hydroxyl fatty acid salt of triethanolamine to a rubber composition 
containing silica. Scorching of the rubber composition, however, tends to take place when an activator is added, un- 
desirable phenomenon such as deterioration in the workability takes place and, further, no im^Wement in low heat 
buildup property is observed. 

45 

SUMMARY OF THE INVENTION 

[0010] The present invention has an object to provide a rubber composition which exhibits excellent dispersion of 
an inorganic filler containing at least one filler selected from silica and silicates as the main component and, as the 
so result of the excellent dispersion, can achieve decreased viscosity of unvulcanized rubber, excellent workability, im- 
proved fuel consumption, adecreased time of vulcanization and improved productivity in vulcanization, and a pneumatic 
tire produced by using the rubber composition. 

[0011] As the result of intensive studies by the present inventors to achieve the above object, it was found that the 
above object can be achieved by using a rubber composition comprising a specific addition salt of an amine and, 
55 optionally, a coupling agent in combination with an inorganic filler containing silica and/or silicate as the main compo- 
nent. The present invention has been completed based on the above knowledge. 
[0012] The present invention provides: 
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(1) A rubber composition which comprises (A) at least one rubber component selected from the group consisting 
of natural rubber and diene synthetic rubbers, (B) an inorganic filler comprising at least one filler selected from the 
group consisting of silica and silicate as a main component, (C) an addition salt of an amine represented by general 
formula (I): 



r 

R J -N • R 4 C00H 

R 8 ... (i) 



wherein R 1 represents a saturated or unsaturated alkyl group having 8 to 24 carbon atoms, an aryi group having 
15 6 to 24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms, R 2 and R 3 each independently represent 

hydrogen atom, a saturated or unsaturated alkyl group having 1 to 12 carbon atoms, an aryl group having 6 to 12 
carbon atoms, an aralkyl group having 7 to 12 carbon atoms or a group represented by any of general formulae: 



-(CH 2 0) p H. -(CH 2 CH 2 0) p H, -CH(CH 3 )CH 2 0) p H 
and 

25 -(CH 2 CH 2 CH 2 0) p H 

wherein a total of p representing an integer of 1 to 4 when at least one of R 2 and R 3 represents any of above 
groups, and R 4 represents a saturated or unsaturated alkyl group having 6 to 24 carbon atoms, an aryl group 
having 6 to 24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms, and, optionally, (D) a coupling agent 
30 in an amount of 1 to 20% by weight of component (B); and 

(2) A pneumatic tire produced by using the above rubber composition. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 [0013] In the rubber composition of the present invention, one or more of rubber selected from the group consisting 
of natural rubber and diene synthetic rubber is used as component (A). Examples of the diene synthetic rubbers include 
polyisoprene rubber (IR), polybutadiene rubber (BR), sty rene -butadiene rubber (SBR), acrylonitrile-butadiene rubber 
(NBR), chloroprene rubber (CR) and butyl rubber (MR) and halogenated butyl rubber. 

[001 4] Any of the natural rubber and the diene synthetic rubber of component (A) can be used singly or in combination 
40 of two or more. 

[0015] In the composition of the present invention, an inorganic filler comprising silica and/or silicate as the main 
component is used as component (B). 

[0016] The type of the above inorganic filler is not particularly limited. Examples of the inorganic filler include pre- 
cipitated silica, fumed silica, aluminum silicate such as kaolin and clay, magnesium silicate, calcium silicate and alu- 

45 minum hydroxide. Among these inorganic fillers, precipitated silica is preferable. It is preferable that the inorganic filler 
comprising silica and/or silicate as the main component has a specific surface area in the range of 80 to 300 rrfifq as 
measured in accordance with the mercury porosimetry method. Due to the specific surface area in the range of 80 to 
300 m 2 /g, dispersion of the inorganic filler into the rubber is improved and the rubber composition can exhibit excellent 
workability and abrasion resistance. From the standpoint of the balance between the reinforcing property, workability 

so and abrasion resistance, it is more preferable that the specific surface area is in the range of 100 to 250 m 2 /g. The 
specific surface area S Hg is calculated in accordance with the following equation: S Hg (m 2 /g) = 2V/r 3 wherein pores are 
considered to be cylinders, V (m3/g) represents the total volume of the pores and r (m) represents the average diameter 
of the pores. 

[0017] In the rubber composition of the present invention, it is preferable that the content of the inorganic filler com- 
55 prising silica and/or silicate as the main component of component (B) is in the range of 10 to 140 parts by weight per 
100 parts by weight of rubber component (A). Due to the content of the inorganic filler in the range of 10 to 140 parts 
by weight, the object of the present invention can be achieved without adverse effects on the reinforcing property and 
other physical properties of the rubber. From the standpoint of the reinforcing property and other physical properties, 
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it is more preferable that the content is in the range of 20 to 90 parts by weight. 

[0018] In the rubber composition of the present invention, as component (C), an addition salt of an amine represented 
by the following general formula (I) is used: 

5 

R x -N • R 4 C00H 

R 3 ... (i) 

[0019] In the above general formula (I), R 1 represents a saturated or unsaturated alkyl group having 8 to 24 carbon 
atoms, an aryl group having 6 to 24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms. The above alkyl 

75 group can be a linear alkyl group, a branched alkyl group or a cyclic alkyl group. Examples of the alkyl group include 
various types of octyl groups (such as n-octyl group, branched octyl groups and cyclooctyl group; "various types" means 
similarly in the following), various types of nonyl groups, various types of decyl groups, various types of dodecyl groups, 
various types of tetradecyl groups, various types of hexadecyl groups, various types of octadecyl groups, various types 
of behenyl groups, various types of octenyl groups, various types of decenyl groups and oleyl group. The aryl group 

20 having 6 to 24 carbon atoms may have a suitable substituent such as a lower alkyl group on the aromatic ring. Examples 
of the aryl group include phenyl group, various types of tolyl groups, various types of xylyl groups, a- and p-naphthyl 
groups, various types of methyl naphthy I groups and various types of dimethylnaphthyl groups. The aralkyl group having 
7 to 24 carbon atoms may have a suitable substituent such as a lower alkyl group on the aromatic ring. Examples of 
the aralkyl group include benzyl group, various types of methylbenzyl groups, phenetyl group, various types of meth- 

25 ylphenyl groups, various types of naphthylmethyl groups and various types of (methylnaphthy I) -methyl groups. 

[0020] R 2 and R 3 each independently represents a hydrogen atom, a saturated or unsaturated alkyl group having 1 
to 12 carbon atoms, an aryl group having 6 to 12 carbon atoms, an aralkyl group having 7 to 12 carbon atoms or a 
group represented by any of the following formulae: 

30 ~(CH 2 0) p H, -(CH 2 CH 2 0) p H, -CH(CH 3 )CH 2 0) p H 

and 

35 -(CH 2 CH 2 CH 2 0) p H 

wherein the total of p represents an integer of 1 to 4 when any of R 2 and R 3 represents one of above groups. The 
groups represented by R 2 and R 3 may be the same with or different from each other. The above saturated or unsaturated 

40 alkyl group having 1 to 12 carbon atoms can be a linear alkyl group, a branched alkyl group or a cyclic alkyl group. 
Examples of the alkyl group include methyl group, ethyl group, n-propyl group, isopropyi group, various types of butyl 
groups, various types of pentyl groups, various types of hexyl groups, various types of octyl groups, various types of 
decyl groups, various types of dodecyl groups, propenyl group, allyl group, various types of pentenyl groups, various 
types of hexenyl groups, various types of octenyl groups and various types of decenyl groups. The aryl group having 

45 6 to 1 2 carbon atoms may have a suitable substituent such as a lower alkyl groups on the aromatic ring. Examples of 
the aryl group include phenyl group, various types of tolyl groups, various types of xylyl groups, a- and p-naphthyl 
groups and various types of methylnaphthy I groups. The aralkyl group having 7 to 12 carbon atoms may have a suitable 
substituent such as a lower alkyl groups on the aromatic ring. Examples of the aralkyl group include benzyl group, 
various types of methylbenzyl group, phenetyl group, various types of methylphenetyl group and various types of 

so naphthylmethyl groups. 

[0021] R 4 represents a saturated or unsaturated alkyl group having 6 to 24 carbon atoms, an aryl group having 6 to 
24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms. The above saturated or unsaturated alkyl group 
having 6 to 24 carbon atoms may be a linear alkyl group, a branched alkyl group or a cyclic alkyl group. Examples of 
the alkyl group include various types of hexyl groups, various types of octyl groups, various types of nonyl groups, 

ss various types of decyl groups, various types of dodecyl groups, various types of tetradecyl groups, various types of 
hexadecyl groups, various types of octadecyl groups, various types of behenyl groups, various types of hexenyl groups, 
various types of octenyl groups, various types of decenyl groups and oleyl group. Any of the aryl group having 6 to 24 
carbon atoms and the aralkyl group having 7 to 24 carbon atoms may have a suitable substituent such as a lower alkyl 
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group on the aromatic ring. Examples of the aryl group and the aralkyl group are the same as those described above 
as the examples of the groups represented by R 1 . 

[0022] Examples of the amine constituting the addition salt of an amine represented by general formula (I) include 
decylamine, laurylamine, myristylamine, palmitylamine, stearylamine, behenylamine, oleylamine, monomethyl<Je- 
cylamine, monomethyllaurylamine, monomethylmyristylamine, monomethylpalmitylamine, monomethylsteary lamine, 
monomethyl-oleylamine, monoethyldecylamine : monoethyllaurylamine, monoethy I -myristylamine, monoethylpalmit- 
ylamine, monoethy 1st earylamine, monoethy loley lam ine, monopropyldecylamine, monopropyllaurylamine : monopro- 
pylmyristylamine, monopropylpalmitylamine, monopropyl-stearylamine, monopropy loley lamine, dimethyldecylamine, 
dimethyi-lauryiamine, dimethylmyristylamine, dimethylpalmitylamine, dimethylstearylamine, dimethyloleylamine, di- 
ethyldecylamine, diethyllaurylamine, diethylmyristylamine, diethylpalmitylamine, diethylstearylamine : diethylo- 
leylamine, methyl ethyldecy lam ine, methylethyllaurylamine, methylethylmyristylamine, methylethylpalmitylamine, 
methylethylstearylamine, methylethyloley tannine, di(hydroxyethyl)decylamine, di(hydroxyethyl)laurylamine, difhydrox- 
yethyl)myristy lamine, di(hydroxyethyl)palmitylamine, di(hydroxyethyl)stearylamine and di(hydroxyethyl)oleylamine. 
Among these compounds, tertiary alkylamines in which the groups represented by each of R 2 and R 3 is a saturated 
or unsaturated alky I group having 1 to 8 carbon atoms and the total number of carbon atoms in the groups represented 
by R 1 , R 2 and R 3 is 10 to 24 are preferable. 

[0023] As the carboxyiic acid forming the addition salt of an amine, linear fatty acids in which the group represented 
by R 4 has 10 to 20 carbon atoms are preferable. Examples of the carboxylic acid include capric acid, lauric acid, myristic 
acid, palmitic acid, stearic acid, arachic acid, behenic acid and oleic acid. 

[0024] It is preferable that the addition salt of an amine represented by general formula (I) described above has a 
molecular weight in the range of 400 to 800. 

[0025] In the present invention, the addition salt of an amine of component (C) may be used singly or in combination 
of two or more. It is preferable that component (C) satisfies following equation (II): 

3X10 5 ^ B w X C M X S Hg /C w ^ 4 X 10 6 (II) 

wherein Byy is the amount in part by weight of component (B), C w is the amount by parts by weight of component (C), 
C M is the molecular weight of component (C) and S Hg (m 2 /g) is the specific surface area of component (B) measured 
in accordance with a mercury porosimetry. From the standpoint of sufficiently exhibiting the effect of the present in- 
vention, it is preferable that the value of (^x^XS^Cyj) is in the above range and more preferably in the range of 
4X10 5 to2X10 6 . 

[0026] The above addition salt of an amine represented by general formula (I) may contain 0. 1 to 1 0% of an inorganic 
salt such as a salt of phosphoric acid or a salt of phosphorous acid in order to improve strength of flakes or grains and 
to prevent aggregation which tends to take place at high temperatures in the summer time. 

[0027] The rubber composition of the present invention may further comprise a coupling agent as component (D), 
where desired, to further enhance the effect of the present invention. 

[0028] As the coupling agent, any desired coupling agent may be selected and used from conventional coupling 
agents. In particular, it is preferable that the coupling agent is selected and used from the group consisting of: 

compounds represented by general formula (III): 

A m B 3. m Si-X-S a -X-SiA m B 3 . m (III) 

wherein A represents C n H 2n+1 0, n representing an integer of 1 to 3, or a chlorine atom, B represents an alkyl 
group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alkylene group having 1 to 9 carbon 
atoms or an arylene group having 7 to 15 carbon atoms, m represents an integer of 1 to 3, a represents an integer 
of 1 or greater which may have a distribution, two groups represented by B may be the same with or different from 
each other when m represents 1 and two or three groups represented by A may be the same with or different from 
each other when m represents 2 or 3, respectively; 
compounds represented by general formula (IV): 

A m B 3-m Si - X - Y (IV) 
wherein A represents C n H 2n+1 0, n representing an integer of 1 to 3, or a chlorine atom, B represents an alkyl 
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group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alkylene group having 1 to 9 carbon 
atoms or an arylene -group having 7 to 15 carbon atoms, Y represents a mercapto group, a vinyl group, an amino 
group, a glycidoxy group or an epoxy group, m represents an integer of 1 to 3, two groups represented by B may 
be the same with or different from each other when m represents 1 and two or three groups represented by A may 
be the same with or different from each other when m represents 2 or 3, respectively; and 
compounds represented by general formula (V): 

AmB 3 . m Si-X-S a -Z (V) 

wherein A represents C n H 2n+1 0, n representing an integer of 1 to 3, or a chlorine atom, B represents an alky I 
group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alkylene group having 1 to 9 carbon 
atoms or an arylene group having 7 to 15 carbon atoms, Z represents a benzothiazolyl group, an N,N-dimethylth- 
iocarbamoyl group, a methacryloyl group or a saturated or unsaturated hydrocarbon group having 1 to 15 carbon 
atoms, m represents an integer of 1 to 3, a represents an integer of 1 or greater which may have a distribution, 
two groups represented by B may be the same with or different from each other when m represents 1 and two or 
three groups represented by A may be the same with or different from each other when m represents 2 or 3, 
respectively. 

[0029] Examples of the coupling agent represented by general formula (III) include bis(3-triethoxysilyi propyl) tet- 
rasulfide, bis (3-trimethoxysily (propyl) tetrasulfide, bis(3-methyldimethoxysilylpropyl) tetrasulfide, bis(3-triethoxysilyle- 
thyl) tetrasulfide, bis(3-triethoxysilylpropyl) disulfide, bis(3-trimethoxysilylpropyl) disulfide and bis(3-triethoxysily I pro- 
pyl) trisulftde. Examples of the coupling agent represented by general formula (IV) include 3-mercaptopropyitrimeth- 
oxysilane, 3-mercaptopropyltriethoxysilane, vinyltriethoxysilane, vinyltrimethoxysilane, 3-aminopropyltriethoxysilane, 
3-aminopropyftrimethoxysilane, 3-mercaptopropylmethyldimethoxysilane, y-glycidoxypropyltrimethoxysilane and y- 
glycidoxypropylmethyldiethoxysilane. Examples of the coupling agent represented by general formula (V) include 3-tri- 
methoxysilylpropyl-N.N-dtmethylcarbamoyl tetrasulfide, 3-trimethoxysilylpropylbenzothiazolyl tetrasulfide, 3-trimeth- 
oxysily Ipropylmethacryloy I monosulfide and 3-triethoxysilylpropyl-n-octyl disulfide. 

[0030] In the present invention, the coupling agent which is used optionally may be used singly or in combination of 
two or more. Preferably, the content of the coupling agent in the composition is selected in the range of 1 to 20% by 
weight of component (B) described above. When the content is less than 1 % by weight, the effect of the coupling agent 
may not sufficiently be exhibited. When the content exceeds 20% by weight, the content may cause an economic 
disadvantage while the effect may not increase to the extent expected from the content. From the standpoint of the 
effect of the coupling agent and economy, it is more preferable that the content of the coupling agent of component 
(D) is in the range of 3 to 15% by weight. 

[0031] The rubber composition of the present invention may further comprise various additives conventionally used 
in the rubber industry such as carbon black, a vulcanizing agent, a vulcanization accelerator, an antioxidant, a scorch 
retarder a softener, zinc oxide and stearic acid as long as the object of the present invention is not adversely affected. 
[0032] The rubber composition of the present invention can be advantageously used for tread rubber or base tread 
rubber of tires. 

[0033] The pneumatic tire of the present invention can be produced in accordance with a conventional process by 
using the rubber composition of the present invention. The rubber composition of the present invention which comprises 
various additives described above, where necessary, is extruded and processed to obtain a tread member. The tread 
member is laminated and molded on a tire building machine in accordance with a conventional method and a green 
tire is produced. The produced green tire is treated under heat and pressure in a vulcanizer and a tire is produced. 
[0034] The pneumatic tire of the present invention produced as described above exhibits excellent abrasion resist- 
ance and improved fuel consumption. Moreover, excellent productivity can be obtained due to the reduced vulcanization 
time. 

[0035] In the present invention, since the amine component in the addition salt of an amine masks acidic silanol 
groups present on the surface of silica and/or silicate, aggregation of the filler which takes place due to the interaction 
between the silanol groups is prevented and dispersion of the filler is improved. Therefore, viscosity of rubber decreases 
and the fuel consumption is improved. 

[0036] To summarize the advantages obtained by the present invention, the rubber composition of the present in- 
vention exhibits excellent dispersion of an inorganic filler containing silica or silicate as the main component and, as 
the result of the excellent dispersion, can achieve decreased viscosity and excellent workability of unvulcanized rubber, 
improved fuel consumption, a decreased time of vulcanization and improved productivity in vulcanization. The rubber 
composition can be advantageously used for pneumatic tires. 
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EXAMPLES 

[0037] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited to the examples. 
5 [0038] The physical properties of the rubber compositions obtained in the examples were measured in accordance 
with the following methods. 

(1) Mooney viscosity 

10 [0039] The Mooney viscosity [ML 1+4 ] was measured in accordance with the method of Japanese Industrial Standard 
K6300-1994 at 125°C. The obtained result is shown as an index using the result in Comparative Example 1 or 5 as 
the reference, which is set at 100. The smaller the value, the better the workability. 

(2) Vulcanization time: t c (90) 

15 

[0040] The time passed before vulcanization reached 90% (^(90)) was measured by using a vibration type vulcan- 
ization tester in accordance with Japanese Industrial Standard K6300-1994 at 150°C. The obtained result is shown 
as an index using the result in Comparative Example 1 or 5 as the reference, which is set at 100. The smaller the value, 
the shorter the vulcanization time and the better the productivity of vulcanization. 

20 

(3) Resilience 

[0041] A sample was vulcanized at 150°C for 30 minutes and the resilience was measured at 2S*C by using a 
resilience tester manufactured by TOYO SEIKI SEISAKUSHO, Ltd. The obtained result is shown as an index using 
2S the result in Comparative Example 1 or 5 as the reference, which is set at 100. The greater the value, the higher the 
resilience and the better the fuel consumption. 

Examples 1 to 8 and Comparative Examples 1 to 4 

30 [0042] With 100 parts by weight of a rubber component prepared from 20 parts by weight of natural rubber and 110 
parts by weight (the rubber component: 80 parts by weight; an extending oil: 30 parts by weight) of SBR 1712 [a trade 
mark; manufactured by JSR Corporation; a styrene-butadiene rubber], 20 parts by weight of carbon black [manufac- 
tured by TOKAI CARBON Co., Ltd.; SEAST KH, a trade mark], 50 parts by weight of precipitated silica [manufactured 
by NIPPON SILICA KOGYO Co., Ltd.; NIPSIL AQ, a trade mark] (S Hg =140 m 2 /g), 4 parts by weight of a silane coupling 

35 agent "Si75" [a trade mark; manufactured by DEGUSSA AG.] (bis-3-triethoxysiliypropyl disulfide), an addition salt of 
an amine or an amine of the type shown in Table 1 in an amount also shown in Table 1 , 5 parts by weight of an aromatic 
oil, 1 part by weight of wax, 1 part by weight of stearic acid, 1 part by weight of antioxidant 6PPD (N-phenyl-N 1 - 
(1,3-dimethylbutyl)-p-phenylenediamine), 3 parts by weight of zinc oxide, 0.5 parts by weight of vulcanization acceler- 
ator MBTS (dibenzothiazyi disulfide), 1 parts by weight of vulcanization accelerator TBBS (N-tert-butyi-2-benzothiazyl- 

^0 sulfanamide) and 1 .5 parts by weight of sulfur were mixed. In this manner, rubber compositions were prepared. The 
physical properties of the obtained rubber compositions are shown in Table 1 . 
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Example 

Comparative Example 
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3 


4 


5 


Addition salts of an amine and 
amines (part by weight) 


molecular weight 


stearic acid salt of 


581 


5 


10 


1 


15 




dimethylstearylamine 














stearic acid salt of 


469 










5 


dimethyldecylamine 














capric acid salt of 


469 












dimethylstearylamine 














i stearic acid salt of 


553 












stearylamine 
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Table 1 - 1 (continued) 
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Addition salts of an amine and 


molecular weight 












amines (part by weight) 














stearic acid salt of 


641 












di(hydroxyethyl)stearylamine 














ricinoleic acid salt of 


447 












triethanolamine 














dimethyistearylamine 


297 












triethanolamine 


149 












B w XC M XS Hg /C w 




8.1X10 


4.1X10 


4.1X10 


2.7X10 


6.6X10 
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5 


6 


5 
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Physical properties 














Mooney viscosity [ML 1+4 ] 




86 


80 


98 


77 


83 


vulcanization time 




89 


79 


99 


70 


85 


resilience 




108 


109 


100 


100 


107 



Table 1 - 2 



Example 


6 


7 


8 










Comparative Example 








1 


2 


3 


4 


Addition salts of an mine and 
















amines (part by weight) 
















stearic acid salt of 
















dimethyhtearylamine 
















stearic acid salt of 
















dimethyldecylamine 
















capric acid salt of 


5 














dimethyistearylamine 
















stearic acid salt of 




5 












stearylamine 
















stearic acid salt of 






5 










di (hy d roxy ethy l)steary lami n e 
















ricinoleic acid salt of 














5 


triethanolamine 
















dimethy Isteary lam in e 










2.5 






triethanolamine 












2.5 




B w XC M XS lV C W 


6.6X10 5 


7.7X10 5 


9.0X10 5 




8.3X10 5 


4.2X1 0 5 


6.8X10 5 


Physical properties 
















Mooney viscosity 


88 


96 


94 


100 


90 


98 


96 


[ML 1+4 ] 
















vulcanization time 


88 


84 


92 


100 


104 


86 


89 


resilience 


106 


106 


108 


100 


104 


98 


96 



Note: The numbers in the physical properties in Tables 1-1 and 1-2 are shown as indices using the result in 
Comparative Example 1 as the reference, which is set at 100. In Comparataive Examples 2 to 4, and C M are 
the amount by weight and the molecular weight of the added amine or salt of an amine, respectively. 



[0043] As clearly shown in Table 1 , the rubber compositions of Examples 1 , 2 and 5 to 8 were more excellent than 
the rubber composition of Comparative Example 1 with respect to all physical properties. In the rubber compositions 
of Examples 1, 2 and 5 to 8, the value of {3^ X C M X S Hg /C w ) was in the preferable range and it is shown that the 
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resilience was more excellent than that in Examples 3 and 4. The rubber composition of Comparative Example 2 in 
which a tertiary amine is added showed a considerably longer vulcanization time than the rubber compositions of 
Examples. The rubber compositions of Comparative Examples 3 and 4 in which triethanolamine or a fatty acid salt of 
triethanolamine was added showed poor resilience. 

c 

Examples 9 to 11 and Comparative Example 5 



10 



15 



[0044] With 100 parts by weight of a rubber component prepared from 30 parts by weight of natural rubber and 96.25 
parts by weight (the rubber component: 70 parts by weight; an extending oil: 26.25 parts by weight) of SBR 1712 [a 
trade mark; manufactured by JSR Corporation; an oil extended styrene-butadiene rubber], 1 0 parts by weight of carbon 
black [manufactured by TOKAI CARBON Co., Ltd.; SEAST KH, a trade mark], 40 parts by weight of precipitated silica 
[manufactured by NIPPON SILICA KOGYO Co., Ltd.; NIPSIL E200A, a trade mark] (S Hg =110 m 2 /g), an addition salt 
of an amine of the type shown in Table 2 in an amount also shown in Table 2, 1 part by weight of wax, 1 part by weight 
of stearic acid, 1 part by weight of antioxidant 6PPD (N-phenyl-N'-(1 ^-dimethylbutyO-p-phenylenediamine), 3 parts by 
weight of zinc oxide, 1 parts by weight of vulcanization accelerator MBTS (dibenzothiazyl disulfide), 1 parts by weight 
of vulcanization accelerator TBBS (N-tert-butyl-2-benzothiazylsulfenamide) and 1.5 parts by weight of sulfur were 
mixed. In this manner, rubber compositions were prepared. The physical properties of the obtained rubber compositions 
are shown in Table 2. 
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Table 2 



Example 


9 


10 


11 




Comparative Example 








5 


Stearic acid salt of dimethylstearylamine (part by 
weight) 


3 

© 


7 


10 




Byy X C M X S Hg /C w 


6.6X10 5 


7.7X10 5 


2.6X10 5 




Physical properties 










Mooney viscosity [ML 1+4 ] 
vulcanization time 
resilience 


92 
86 
106 


86 
79 
104 


81 
69 
100 


100 
100 
100 


Note: The numbers in the physical properties are shown as indices using the result in Comparative Example 5 
as the reference, which is set at 100. 



[0045] As clearly shown in Table 2, the rubber compositions of Examples 9 and 10 were more excellent than the 
rubber composition of Comparative Example 5 with respect to all physical properties. In the rubber compositions of 
Examples 9 and 10, the value of (B^ X C M X S^C^) was in the preferable range and it is shown that the resilience 
was more excellent than that in Example 11. 



Claims 

1. A rubber composition which comprises (A) at least one rubber component selected from the group consisting of 
45 natural rubber and diene synthetic rubbers, (B) an inorganic filler comprising at least one filler selected from the 

group consisting of silica and silicate as a main component and (C) an addition salt of an amine represented by 
general formula (I): 



50 



55 



E 1 -N • E 4 COOH 



- (I) 



wherein R 1 represents a saturated or unsaturated alky I group having 8 to 24 carbon atoms, an aryl group having 
6 to 24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms, R 2 and R 3 each independently represent 
hydrogen atom, a saturated or unsaturated alkyl group having 1 to 12 carbon atoms, an aryl group having 6 to 12 
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carbon atoms, an arafkry! group having 7 to 12 carbon atoms or a group represented by any o1 the following 
formulae: 

-(CH 2 0) p H, -(CH 2 CH 2 0) p H, -CH(CH 3 )CH 2 0) p H 

and 

(CH 2 CH 2 CH 2 0) p H 

wherein a total of p in R 2 and R 3 represents an integer of 1 to 4 when at least one of R 2 and R 3 represents any of 
above groups, and R 4 represents a saturated or unsaturated alkyl group having 6 to 24 carbon atoms, an aryl 
group having 6 to 24 carbon atoms or an aralkyl group having 7 to 24 carbon atoms. 

A rubber composition according to Claim 1 , wherein (B) the inorganic filler comprising at least one filler selected 
from the group consisting of silica and silicate as a main component is precipitated silica. 

A rubber composition according to any of Claims 1 and 2, wherein, in general formula (I) representing the addition 
salt of an amine of component (C), R 2 and R 3 each independently represents a saturated or unsaturated alkyl 
group having 1 to 8 carbon atoms and a total number of carbon atoms in groups represented by R 1 , R 2 and R 3 is 
10 to 24. 

A rubber composition according to any of Claims 1 to 3, which comprises 10 to 140 parts by weight of component 

(B) per 100 parts by weight of component (A). 

A rubber composition according to any of Claims 1 to 4, wherein component (C) satisfies following equation (II): 

3X10 5 ^ B w XC M XS Hg /C w ^ 4X10 6 (II) 

wherein is the amount in part by weight of component (B), C w is the amount by parts by weight of component 

(C) , C M is the molecular weight of component (C) and S Hg (m 2 /g) is the specific surface area of component (B) 
measured in accordance with a mercury porosimetry. 

A rubber composition according to any of Claims 1 to 5, which further comprises (D) a coupling agent in an amount 
of 1 to 20% by weight of component (B). 

A rubber composition according to Claim 6, wherein the coupling agent of component (D) is at least one compound 
selected from the group consisting of: 

compounds represented by general formula (III): 

A m B 3 . m Si-X-S a -X-SiA m B3. m (III) 

wherein A represents C n H2n +1 0, n representing an integer of 1 to 3, or a chlorine atom, B represents an alkyl 
group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alky lene group having 1 to 9 carbon 
atoms or an arylene group having 7 to 15 carbon atoms, m represents an integer of 1 to 3, a represents an 
integer of 1 or greater which may have a distribution, two groups represented by B may be the same with or 
different from each other when m represents 1 and two or three groups represented by A may be the same 
with or different from each other when m represents 2 or 3, respectively; 
compounds represented by general formula (IV): 

A m B 3 . m Si-X-Y (IV) 
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wherein A represents C n H 2n+1 0, n representing an integer of 1 to 3, or a chlorine atom, B represents an alkyl 
group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alkylene group having 1 to 9 carbon 
atoms or an aryiene group having 7 to 1 5 carbon atoms, Y represents a mercapto group, a vinyl group, an 
amino group, a glycidoxy group or an epoxy group, m represents an integer of 1 to 3, two groups represented 
5 by B may be the same with or different from each other when m represents 1 and two or three groups repre- 

sented by A may be the same with or different from each other when m represents 2 or 3, respectively; and 
compounds represented by general formula (V): 

W A m B 3 . rn Si-X-S a -Z (V) 

wherein A represents C n H 2n+i°' n representing an integer of 1 to 3, or a chlorine atom, B represents an alkyl 
group having 1 to 3 carbon atoms, X represents a saturated or unsaturated alkylene group having 1 to 9 carbon 
atoms or an aryiene group having 7 to 1 5 carbon atoms, Z represents a benzothiazolyl group, an N,N-dimeth- 
15 ylthiocarbamoyl group, a methacryloyl group or a saturated or unsaturated hydrocarbon group having 1 to 15 

carbon atoms, m represents an integer of 1 to 3 } a represents an integer of 1 or greater which may have a 
distribution, two groups represented by B may be the same with or different from each other when m represents 
1 and two or three groups represented by A may be the same with or different from each other when m rep- 
resents 2 or 3, respectively. 



20 



8. A pneumatic tire which is produced by using a rubber composition described in any of Claims 1 to 7. 
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